With regional variations, climate change has a significant impact on water quality deterioration and scarcity, which are serious challenges in developing countries and emerging economies. Often, effective projects to improve water management in the light of climate change are difficult to develop because of the complex interrelations between direct and indirect climate impacts and local perceptions of vulnerabilities and needs. Adaptation projects can be developed through a combination of participatory, bottom-up needs assessments and top-down analyses. Climate change impact chains can help to display the causal chain of climate signals and resulting impacts and thereby establish a system map as a basis for stakeholder discussions. This article aims to develop specific climate change impact chains for the water management sector in rural coastal India that combine bottom-up and top-down perspectives. Case studies from Tamil Nadu and Andhra Pradesh, India, provide a basis for the impact chains developed. Bottom-up data were gathered through a vulnerability and needs assessment in 18 villages complemented with top-down research data. The article is divided into four steps: (1) system of interest; (2) data on climate change signals; (3) climate change impacts based on top-down as well as bottom-up information; (4) specific impact chains complemented by initial climate change adaptation options.
INTRODUCTION
2010 was the year with the highest global carbon emissions output recorded in history up to that point, and, in 2011, anthropogenic greenhouse gas emissions even exceeded 2010 levels (GCP , p. 1). While some countries are taking action to reduce their greenhouse gas emissions, reaching global and binding agreements for emission reduction targets is unlikely before 2020. Under these conditions, the goal of keeping temperature increase below 2 W C (UNFCCC ) and thereby avoiding 'dangerous anthropogenic interference with the climate system' (UNFCCC , p. 9) seems impossible.
The impacts of climate change are increasingly detrimental, and adaptation efforts are more urgent than ever before. Local adaptation activities are important in complementing ongoing mitigation actions.
This holds true for the water management sector in India.
Water resource management on the east coast of India has been based on a traditionally foreseeable monsoon season.
extreme rainfall events and longer dry periods, increasingly intense storm surges and cyclones. With regard to the water sector, this is very likely to result in devastating local impacts such as flooding of habituated areas, erosion and salinization of agricultural lands, groundwater level decrease, surface water scarcity as well as water quality issues.
Addressing these climate signals and their associated local impacts (often related to the water sector) the project 
METHODOLOGY: THE GENERAL CONCEPT OF IMPACT CHAINS
'A climate change impact chain (in short, impact chain) is a general representation of how a given climate stimulus propagates through a system of interest via the direct and indirect impacts it entails' (PIK ). Or, in other words:
'Impact chains are general cause-effect relations that describe how, in principle, climatic changes are expected to cause impacts on the sectors of concern' (EURAC , p. 125).
Impact chains are useful tools to represent and structure the causal chain of climate signals (exposure or climate stimuli) resulting in direct and indirect impacts within a given system of interest. A general scheme for impact chains is shown in Figure 1 .
However, before establishing the actual impact chains, the system of interest (system boundary, elements within the system, etc.) should be defined. Based on this concept, the article is divided into the four key steps required to set up local impact chains in the water sector:
In the 'Results' section there are three key steps:
(1) Part I: Defining the system of interest with respect to geographic boundaries and economic data as well as specific information on the water sector. The 'Discussion' includes the final part:
(1) Part IV: Setting up impact chains based on the identified climate signals and related climate change impacts; in addition, initial climate change adaptation options are discussed.
RESULTS

Part I: Defining the system of interest
The system of interest for the following impact chain analysis is the water sector and cross-linked sectors within rural coastal communities in the states Andhra Pradesh and Tamil Nadu, India. Figure 2 shows the boundary levels and the local system of interest, i.e., the impacts looked at within the local system boundaries.
To contextualize the impacts, the local communities as well as their water sector profile are described in more detail.
Local community profiling
Bottom-up information was collected during vulnerability and Sanitation infrastructure, such as reliable drainage management and safe drinking water, are also prevailing issues for the population that tie into climate change impact chains. In many communities drainage facilities are missing or malfunctioning due to maintenance problems. Some • Precipitation • Storm surges and cyclones • Sea level Conflicts between social groups belonging to these institutions can have an impact on the provision of the quantity and quality of water supply.
Coastal erosion could be attributed to sea level rise that triggers the offshore transportation of sediment. However, the shape of beaches is also influenced by several other factors including, for example, the destruction of coastal plantations or wind patterns. Similarly, the probability of flooding is increasing with sea level rise as well as with, for example, the degradation of dunes and coastal marshlands.
Consequently, non-climatic factors can have a certain influence and potentially amplify climate change hazards, and thus need to be taken into account when discussing climate impact chains and designing adaptation measures. • Projections for 2050 for river runoff in Indian river basins indicate that the overall quantity of surface runoff is likely to show a general decrease. Despite the rise in overall annual precipitation, increased evapotranspiration and seasonal effects could have negative effects on river runoff, probably leading to droughts (INCCA , p. 120).
• Rising sea level and thus seawater intrusion into coastal and island aquifers is deteriorating the drinking water • The usable and available 326 km³ of groundwater are showing a significant decline in parts of Andhra Pradesh and Tamil Nadu. The agricultural irrigation sector uses 83% of the captured water in these regions, and is therefore expected to suffer most from shortages as a result of changes in precipitation (INCCA , p. 119).
In addition, there are other cross-linked climate impacts on sectors other than the water sector that are indirect consequences of changing climate signals:
• Many districts in Tamil Nadu and Andhra Pradesh are prone to water-borne diseases related to flooding. With inadequate water infrastructure for drainage, filtration and wastewater management, the risk of infections is likely to increase (INCCA , p. 102).
• Increasing average temperatures in Tamil Part of the result is shown in Table 2 , which provides an overview of the assessment listing climate threats and the most frequently named climate impacts.
As Table 2 were established through a combination of local stakeholder input and scientific research.
The general scheme for impact chains as depicted in Figure 1 has been adopted in several ways:
( To allow for easy orientation in the impact chain models, several symbols are introduced and merged together in Figure 6 .
Examples of impact chains
The following impact chains provide an overview of the links between climate change signals and the identified direct and indirect climate impacts. The three models describe the impact chains stemming from three different climate signals:
increasing air temperature, extreme/changing rainfall patterns (shifting monsoons) and cyclones and storm surges.
It should be noted that the presented impact chains cannot possibly draw the complete picture of climate signals and impacts. Instead, they reflect an extract that has been deduced from the bottom-up and top-down data analysis. Climate change signal: Increasing air temperature
The climate change impact chains graphic on increasing air temperature shows the direct and indirect impacts of increasing air temperature on the water sector of the surveyed coastal communities in Andhra Pradesh and Tamil Nadu.
As described in Figure 6 , indirect impacts are related to social, economic, environmental and health-related impacts.
The impact chains 'increasing air temperature' ( bunds and river bunds along the estuaries, which tend to rise in their water levels during storms. In cases where interference with the coastal belt is not a suitable option, the infrastructure has to be storm proofed and the water supply has to be based on complex treatment systems being able to provide sufficient fresh water.
CONCLUSION
With regional variations, climate change has significant negative direct and indirect impacts on the water sector in developing countries and emerging economies, specifically in the coastal zones. To respond to the problems that 
